Development of a Mixed Quantum-Classical Code for Ab-initio Study on Electronic Excitation of Hydrogen Atoms at Metal Surfaces by D. Kato et al.
Fig. 2. Relative occupation probability of excited
states normalized to total electron capture
probability. 1 a.u. s: 2.2 x 108 cm/s.
Fig. 1. Time evolution of electron density in
moving frame of receding proton from Mo
surface (proton is located at the origin in this
coordinate). Receding velocity is 2.2x 107 cm/s.
xl shows distance between proton and Mo
surface. 1 a.u. s: 0.5 x 10-8 em.
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§ 11. Development of a Mixed Quantum-
Classical Code for Ab-initio Study on
Electronic Excitation of Hydrogen
Atoms at Metal Surfaces
While many dynamic processes at surfaces, e. g.
thermally activated chemical erosion, are generally
assumed to take the electronically ground state,
there are interesting phenomena involving
electronically excited states. Examples include
excitation of energetic atoms backscattered at
surfaces [1], desorption induced by (multiple)
electronic excitation [2], etc. These are non-adiabatic
phenomena unexplored in the plasma-wall
interaction at fusion devices.
We developed a mixed quantum-classical code for
ab-initio study on single-electron transitions of a
hydrogen atom interacting with a metal surface. The
mixed quantum-classical code can treat the
electronic excitation induced by nuclear motion along
classical trajectories. In our code, jellium model is
employed for ion charge distribution of the metal.
Inhomogeneous electron density at the jellium
surface is obtained by numerically solving the
Kohn-Sham equation with local exchange-correlation
energies [3]. Time dependent density fluctuation at
the surface induced by a moving proton is properly
taken into account using the linear density response
theory [4]. From so-obtained total electron density
distribution of the metal, a time-dependent image
force exerted on a single active-electron is obtained.
We calculated single-electron capture by a proton
outgoing from Mo surface with a constant velocity.
Fig. 1 illustrates time-evolution of total electron
density distribution. The proton is initially placed at
1 a. u. distance from the surface, and then recedes
with the constant velocity of 2.2x 107 cm/s. Fig. 2
shows relative occupation probabilities of excited
levels of hydrogen atoms as functions of the
receding velocity. At low velocities (smaller than
Fermi-velocity), higher excited levels (n 3) are
hardly populated, since the Fermi level of Mo is
always much lower than the excited levels in
energy. At higher velocities, proton motion
promotes electron transfer non-adiabatically to
the excited levels beyond the Fermi level.
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